To determine the therapeutic efficacy (13-week and 26-week CNS progression-free survival [PFS], response rate, and overall survival) and safety of intraventricular (IVent) topotecan in patients with neoplastic meningitis (NM), we conducted a phase II, open-label, nonrandomized, single-arm trial of IVent topotecan in patients with NM using 400 mg of topotecan IVent twice weekly for 6 weeks, followed by evaluation with imaging, cerebrospinal fluid (CSF), and physical examinations. In the absence of disease progression, patients were then treated with IVent topotecan weekly for 6 weeks, twice monthly for 4 months, and monthly thereafter. 19% (95% CI, 11% -34%). Overall median survival (50 deaths) was 15 weeks (95% CI, 13 -24 weeks). The most common side effect was chemical meningitis in 32% of patients (5% grade 3); 32% experienced no drug side effects. IVent topotecan is well tolerated, but provides no added bene fit over other IVent therapies. Because of its modest side effect profile, combining IVent topotecan with other IVent or systemic interventions should be considered. Neuro-Oncology 10, 208 -215, 2008 (Posted to Neuro-Oncology [serial online], Doc. D07-00056, March 3, 2008
Although optimal treatment for NM is debated, in the United States intraventricular (IVent) chemotherapy is frequently administered, attempting to circumvent the issues of drug delivery imposed by the blood-brain, blood-spine, and blood-CSF barriers. However, only a small number of anticancer agents are available for administration by the intra-CSF route. Currently, only four agents are regularly used: methotrexate, cytarabine, liposomal cytarabine, and thiotepa. None of these have resulted in significantly prolonged patient survivals, 2 -5,7,8 and combinations of intra-CSF drugs have not improved outcomes over single agents. 3, 9 Because of the limited efficacy of the available intra-CSF agents, new and effective agents are needed.
Topotecan is a water-soluble semisynthetic topoisomerase I inhibitor approved for systemic use in smallcell lung cancer and ovarian cancer. It has a broad spectrum of anticancer activity against many cancer cell lines, including hematological malignancies, colorectal, breast, non -small-cell lung, and ovarian cancer, and childhood solid tumors. 10 -12 Pharmacokinetic studies performed following an IVent dose of 0.1 mg demonstrated that a 450-fold greater CSF exposure to topotecan could be achieved with only 1/100 the systemic dose. 13 This prompted a phase I study of intrathecal topotecan in patients with NM demonstrating that intra-CSF topotecan was well tolerated and was associated with objective responses. 13 Based upon its broad spectrum of activity and evidence of efficacy, we chose to test IVent topotecan in patients with NM, looking for improved outcomes.
Patients and Methods

Eligibility Criteria and Treatment Plan
Eligibility criteria are listed in Table 1 , and patient characteristics in Table 2 . Prior to enrollment, all patients underwent a complete history and physical examination, neurological examination, CSF evaluation (ventricular and lumbar), complete blood count, bone marrow aspiration (leukemia/lymphoma patients only), standard chemistry evaluations, MRI scans of brain and spine (lymphoma/leukemia patients underwent spine MRIs only if clinically indicated), CSF flow study (solid tumor patients), and quality of life (QOL) questionnaire (Functional Assessment of Cancer Therapy-CNS Module [FACT-CNS]). Patients treated at the University of Texas M. D. Anderson Cancer Center (UTMDACC) were registered in the UTMDACC patient data management system. Data from other centers were collected and retained by the coinvestigators and compiled with the UTMDACC data at the completion of patient enrollment.
During induction, patients received 0.4 mg of IVent topotecan twice weekly for a total of 6 weeks. If patients had no evidence of progressive NM, they received con- • patients with blocks that were reversed with focal radiation were eligible Abbreviations: IRB, institutional review board; NM, neoplastic meningitis; CSF, cerebrospinal fluid; DTPA, diethylene triamine pentaacetic acid..
a Included based on eligibility criteria established in the phase I study. 13 solidation therapy with topotecan weekly for six doses.
In patients who still showed no evidence of progression, maintenance therapy was administered (twice monthly for 4 months and then monthly thereafter). Treatment was continued until patients developed progression of disease, refused treatment, or developed unacceptable toxicity. Efficacy evaluations included physical examinations weekly during induction and at the time of each treatment administration during consolidation and maintenance therapy. CSF evaluations were performed weekly during induction, every 2 weeks during consolidation, every 2 months during maintenance therapy, and 6 weeks after the first negative CSF evaluation (confirmation CSF cytology). Evaluation for response required both lumbar and ventricular CSF assessments. At one participating center (UTMDACC), FACT-CNS QOL evaluations 14 were planned at the completion of induction, consolidation, and completion of maintenance or study termination. Contrast MRI scans of the brain and spine were carried out prior to the start of consolidation therapy and maintenance therapy and every 2 months during maintenance therapy.
Progression was defined cytologically, radiographically, and clinically. Cytological progression was defined as persistently positive cytology at the end of induction, or, for patients who attained a complete cytologic remission, development of positive cytology after two serial negative cytologies. Radiographic progression was defined as the development of any new lesion or 50% increase in the size of any previously noted nodule or area of meningeal thickening. For lesions less than 1 cm, 100% increase in size was considered progressive disease.
Patients who we believed had progressed clinically due to their leptomeningeal malignancy were removed from the study, regardless of the status of their cytological or radiographical measures. Determination of clinical progression due to leptomeningeal disease was based upon the examination and interpretation of the treating clinician.
Statistical Design
The primary objective of this study was to determine the proportion of patients with progression-free survival (PFS) at 13 weeks. Secondary objectives included determination of the proportion with PFS at 26 weeks, median overall survival, percentage of responding patients, QOL, and toxicity. For the 13-week PFS analysis, historical values for comparison were obtained from two published randomized trials that enrolled patients with a variety of primary tumor histologies. 4, 5 The percentage of patients free from neurologic progression at 12 weeks in these two studies was approximately 12% for methotrexate and 45% for liposomal cytarabine in solid tumor patients. In lymphomatous meningitis patients, the percentage free from neurologic progression at 12 weeks was 45% for free cytarabine and 75% for liposomal cytarabine. 4, 5 In the present study, a response was defined as a patient XRT to lumbar spine 1 (2%)
Other ( being alive and progression-free at 13 weeks. A modified Gehan two-stage design with a type II error rate (beta) of 10% and a "therapeutic effectiveness" threshold of 20% was used. 6 A stopping rule required study termination if none of the first 11 patients enrolled were responders. If at least 1 of the first 11 patients was a responder, then the study would continue to enroll a total of 43 evaluable patients, enabling us to estimate the response proportion with a 95% confidence interval width of 30% (equivalent to a standard error of about 8%). Our pretrial estimate of the response rate was 45%.
Time to progression (TTP) was measured from the time of enrollment to the time patients had cytologic or radiographic evaluations that clearly documented progressive CNS disease. If a patient was removed from the study for clinical progression only, then TTP was computed using the date of exam at which progression was documented.
Cox proportional hazards regression modeling was used to evaluate possible prognostic factors.
Results
The 
Patient Characteristics
Twenty-three males and 39 females were enrolled, ranging in age from 5 to 83 years (median, 56 years), with a median enrollment KPS of 80 (range, 60 -100). Breast cancer, primary brain tumors, and lung cancer made up 74% of the enrolled patients, with 11 other tumor types comprising the remainder. Thirteen patients had evidence of slow CFS flow but no frank CSF block; one patient had a CSF block at the base of the brain and was treated with whole brain radiotherapy prior to enrollment.
Six-Week Induction Period
Forty patients (65%) completed the 6-week induction period, 21 (34%) did not, and data from 1 patient are not available. Of the 21 patients who did not complete the 6-week induction, 13 stopped due to clinical NM progression, 2 stopped due to systemic disease progression, 3 died (1 from suicide, 1 from gastrointestinal bleeding, 1 of unknown causes), 1 refused to complete induction, 1 stopped due to drug toxicity, and 1 stopped due to the development of Staphylococcus epidermitis meningitis.
CSF Responses after 6-Week Induction Period
For the 21 patients who did not complete the 6-week induction period, CSF results were not available. CSF was cleared of malignant cells in 13 of 62 patients (21%) at 6 weeks. CSF was originally negative at the beginning of treatment (diagnosis made on the basis of MRI findings) and remained clear of malignant cells in two patients (3%). CSF remained positive in 25 patients completing induction therapy (40%). Eleven of the 14 patients previously treated with intrathecal chemotherapy completed the 6-week induction period; 2 of the 11 patients had CSF cleared of malignant cells (1 patient with breast cancer and 1 with primary CNS lymphoma).
Imaging Responses after 6-Week Induction Period
MR imaging improved (partial response) in 6 patients (10% of 62 patients), remained unchanged in 27 patients (44%), and revealed progression in 7 patients (11%).
Clinical Responses after 6-Week Induction Period
Clinically, 10 patients improved (16% of 62 patients; all clinical improvements were related to mental status, fatigue level, and ambulation ability). Eighteen patients remained clinically stable (29%), 1 was stable from the NM standpoint but progressed systemically (2%), 11 had progressive NM symptoms (18%), and 2 progressed simultaneously systemically (3%). See Table 3 for correlation of CSF, imaging, and clinical results.
Thirteen-Week Progression-Free Survival
At 13 weeks after enrollment, 30% (95% CI, 20% -45%) were free from neurological progression by KaplanMeier estimate. Five of these patients (8% of 62 patients) received IVent topotecan alone, and nine (15%) received additional systemic therapies concurrently.
Time to Progression
Sixty of 62 patients were included in the TTP determination. Two patients were excluded due to early removal from the study. One patient stopped therapy after two IVent treatments associated with fever and confusion, and the other was removed from the study after one IVent injection of topotecan due to the need for emergency radiotherapy. For the 60 remaining patients, 47 progressed with a median TTP of 7 weeks (95% CI, 6 -11 weeks) with a median of 70 weeks follow-up. Freedom from progression was 83% (95% CI, 74% -93%) at 3 weeks, 55% (95% CI, 43% -69%) at 6 weeks, 42% (95% CI, 31% -57%) at 9 weeks, 30% (95% CI, 20% -45%) at 13 weeks, 19% (95% CI, 11% -34%) at 26 weeks, and 14% (95% CI, 7% -29%) at 52 weeks. TTP and median overall survival based upon underlying histology are depicted in Table 4 .
Prognostic Factors for TTP
Univariate and multivariate Cox analyses of the impact of enrollment prognostic factors were carried out. Factors included in the analysis included gender, age, primary histology, prior therapies versus not, anatomic location of symptoms and imaging evidence of disease, CSF protein, glucose, cell count, cytology, CSF flow study results, and KPS at enrollment. Results of the multivariate analysis are presented in Table 5 . On univariate analysis, brain primary, presentation with cerebral symptoms, and negative CSF cytology had a positive impact on survival, while slow CSF flow had no impact. On multivariate analysis, cerebral symptoms, lack of lumbar nerve root involvement on imaging, negative CSF cytology, and high CSF glucose were all associated with an improved TTP. Seventeen patients received systemic chemotherapy while also receiving intrathecal topotecan, the systemic chemotherapy possibly having CSF penetration. Seven patients received capecitabine, four patients received temozolomide, three patients received lomustine, two patients received cyclophosamide, and one patient received topotecan. Using the log rank test, there was no difference in TTP (p 5 0.63) and no difference in the overall survival from the study enrollment (p 5 0.72) between those patients who received potentially CSF-penetrating drugs versus those who did not.
Overall Survival
The median overall survival for all 62 patients (50 deaths) was 15 weeks (95% CI; 13 -24 weeks). For patients completing the 6-week induction period, median overall survival was 22.3 weeks. Median survival for those who had received prior intrathecal chemotherapy (n 5 14) was 13 weeks (range, 2 -78 weeks), and for those who had not received prior intrathecal chemotherapy (n 5 48), 13.5 weeks (range, 2 -128 weeks).
Quality of Life
Because only six patients had adequate follow-up, the longitudinal QOL is inadequate to draw any conclusions.
Safety/Toxicity
All 62 patients were assessable for toxicity. A total of 38 (61%) patients suffered some toxicity (common toxicity criteria [CTC] grade 1 -4) from IVent topotecan, while 20 (32%) reported no toxicity. The most common adverse event was chemical meningitis (defined as one or more of the following: fever, nausea, vomiting, meningismus, CSF pleocytosis, all or fragments occurring within 1 day of topotecan administration and resolving by day 5 after topotecan), which occurred in 20 (32%) patients. In most patients, this was easily relieved with oral steroids or analgesics. Details of adverse events are presented in Table 6 .
MRI scans from the patients treated at UTMDACC were assessed for the development of topotecan-related leukoencephalopathy. Of the 31 UTMDACC patients, 8 had no follow-up scans; 1 patient had only two IVent doses of topotecan and was felt not to be evaluable for topotecan-related leukoencephalopathy. Of the 22 remaining patients, the median number of follow-up scans was 2 (range 1 -17) , and the last available scan was obtained at a median of 12.5 weeks (range, 3 -108 weeks) after the pretreatment scan. Ten of 22 patients (45%) did not develop leukoencephalopathy, 4 (18%) had preexisting leukoencephalopathy that did not worsen after IVent topotecan treatment, and 8 (36%) had new onset or worsening of leukoencephalopathy. Seven of these 8 patients had received whole brain radiotherapy, and the other had received orbital radiotherapy prior to IVent topotecan.
Discussion
Based upon preliminary data suggesting safety and activity, and the need for improved therapies for patients with NM, we evaluated IVent topotecan in patients with NM. Even though it was well tolerated, the outcomes for patients treated with IVent topotecan were no better than those reported in three recent randomized controlled trials that employed other IVent chemotherapies. [2] [3] [4] [5] Furthermore, the 21% CSF malignant cell clearance rate is similar to that in prior reports. 2 -4,8 The lack of improvement of outcomes using IVent topotecan over other therapies is disappointing, although IVent topotecan's similar efficacy and low toxicity offer another IVent chemotherapy alternative in those patients intolerant of other therapies or in whom the other IVent therapies have become ineffective. Whether the level of efficacy attained here is due to a pharmacodynamic issue (terminal half-life of IVent topotecan, 157 6 54 min 13 ) may require a concentration 3 time, multidose methodology, or continuous infusion system of administration to determine.
Prognostic Factors
Factors in the present study that were found to be predictive of longer PFS on multivariate analysis were of interest, but were not always consistent with the literature. Cerebral symptoms (including dysphasia, seizures, gait difficulties, nausea, vomiting, memory loss, fatigue, headaches, and visual field impairments) were associated with a longer PFS (hazard ratio, 0.4; 95% CI, 0.2-0.8). This finding differs from those of other studies. 15 -17 One report found a worse survival (10 weeks) in patients presenting with encephalopathy versus not a Includes confusion grade 3, n 5 2; "cortical" grade 3, n 5 2; mood grade 3; n 5 1; motor grade 3, n 5 3; sensory grade 3, n 5 2; speech changes grade 3, n 5 1.
(24 weeks). 15 If we look only at patients with memory complaints (n 5 6) or confusion (n 5 1), median survival was 13 weeks (range, 3 -78 weeks), nearly the same as the overall study population. The reason for the slightly improved outcomes in our patients with cerebral symptoms at enrollment could be due to earlier disease detection stimulated by the presence of difficult-to-ignore cerebral symptoms.
Imaging evidence of lumbar root involvement was associated with a poorer outcome. At least one other study showed better outcomes in patients with spinal involvement by their disease. 16 The reasons for our findings are not clear, but contrary to cerebral symptoms leading to earlier detection of disease, symptoms related to the lumbar roots might be disregarded for longer periods, resulting in an apparent "shortening" of PFS.
CSF cytology that was positive for malignant cells was associated with a poorer PFS outcome. This could be due to a higher overall burden of disease with a resulting higher number of cells shed into the CSF, or possibly to a more aggressive biology unrelated to disease burden, but related to other factors associated with cells being present in the CSF (e.g., higher apoptotic fraction and cell shedding, reflective of higher cell turnover rate, or alternatively, a less adhesive cell phenotype associated with a more aggressive behavior in CSF pathways).
Finally, an elevated CSF glucose level was associated with a poorer PFS, contrary to at least one other report. 17 Changes in CSF glucose levels in the setting of NM could be related to changes in glucose transport or to glucose consumption by malignant cells. Furthermore, plasma levels of glucose may affect CSF glucose levels (data not available). Because of these issues, the meaning of the association of higher CSF glucose levels and poorer PFS is not clear.
Histological Subtypes
A few patients from each histological category had CSF cleared of malignant cells, improvement of their imaging studies, or improvement of their clinical status while on therapy. Likewise, similar proportions of patients rapidly progressed in each histology. Therefore, it is difficult to draw conclusions about subtypes of patients who might derive any special benefit from IVent topotecan. Patients with primary CNS lymphoma and ocular lymphoma did well, with TTPs of 70, 78, and 68 weeks for the two primary CNS lymphomas and ocular lymphoma, respectively. These favorable outcomes may be related to the underlying biology of these tumors.
Trial Design Issues
One issue raised by the study is the difference in PFS between patients with primary brain tumors and the other histological groups. The longest PFS times were seen in patients with primary brain tumors: one patient with anaplastic oligodendroglioma (1p/19q deleted) (PFS 5 99 weeks), one with anaplastic astrocytoma (PFS 5 70 weeks), and two with primary CNS lymphomas (PFS 5 78 and 70 weeks). Future studies may need to treat brain tumor patients as a separate category to make studies more informative. Large, multi-institutional studies will be needed to complete studies restricted to single histologies once preliminary studies identify agents with activity.
Time from prior therapy is an issue in all cancer clinical trials, including trials treating patients with meningeal cancer. Here we chose to include patients who had prior leptomeningeal-directed therapy, but were at least 3 weeks after their last systemic leptomeningeal-directed therapy, 1 week after their last intra-CSF chemotherapy, and 1 week after any prior CNS-directed irradiation. This was done to minimize the possibility of significant toxicity overlap. The results of the study appear to validate this time frame since no significant added efficacy benefit was seen, although a possible increase in chemical meningitis was seen in those patients previously treated with liposomal cytarabine (7/8 [88%] of those previously treated vs. 9/54 [17%] of those not previously treated). Due to the prolonged half-life of liposomal cytarabine, in future studies it may be prudent to extend the time to treatment from prior liposomal cytarabine from 1 week to 2 weeks.
Trials with treatment continuation decisions based primarily on clinical and secondarily on CSF and craniospinal imaging data, may be the most logical designs for future studies. The "decision to change therapy" may be more useful than the "objective," yet variable-laden, end points of CSF cytology and imaging. This method of decision-making might allow for longer use of agents that may be helping patients, and that might otherwise be discontinued prematurely.
Conclusion
IVent topotecan is well tolerated, and its use results in CSF clearance rates, progression, and survival outcomes similar to those of other IVent agents. Because of its ease of use and mild side effect profile, it may be a useful agent for testing in combination with other IVent agents or with systemic agents with high CSF penetration.
